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There are three main phases of the reproductive process at which fertility is controlled: (1) The number of ova shed; (2) The number of ova fertilized; (3) The number of fertilized ova which develop to the time of birth.
Each of these will now be considered in detail.
(1) The number of ova shed. This depends on the level of what was. formerly known as " generative ferment" (Heape [1] , Hammond and Marshall [2] ), but now shown to be anterior pituitary sulbstance (Zondek and Aschheim [3] , Smith and Engle [4] ), in the blood. When, in the rabbit, one ovary is removed, the surviving ovary will ripen a number of ova similar to that of the intact animal with both ovaries (Asdell [5] ). Injections of anterior pituitary substance will also increase enormously the number of ova shed.
Since the presence of the functioning corpus luteum (cow-Hammond [6] ) and heavy lactation (rabbit-Hammond and Marshall [2]) also use up this substance, the production of ova may be prevented by these causes. In early life too, when the growth of cartilage and bone is requiring the output of the anterior pituitary, the ripening of ova does not occur, unless injections are made. In young growing animals (pigs) shortly after puberty the number of eggs shed is less than that later in life (Hammond [7] ).
The best measure of the conditions suitable for egg-production is to be obtained in the fowl, where the complications of corpora lutea and lactation do not exist. It is well known that there are genetic differences in the production of eggs by the fowl: some strains (White Leghorns) will lay over 200 eggs in the year and others (Silkie) only 50, or less. Now the rate of egg production in the fowl, particularly in the low-producing strains, varies with changes in the hours of daylight, whether these be seasonable in any one latitude or due to differences in latitude (Whetham [8] ). It is supposed that light stimulates the anterior pituitary by way of the eye and that in autumn with decreasing daylight, fowls with a genetically low level of anterior pituitary will fall below the critical level for egg production and so sterility from this cause will result. It is during the autumn and winter months that the lowproducing strain (Silkie) cease laying. In some mammals very much the same sort of thing occurs ; ferrets which do not normally ripen ova during the autumn and winter months may be made to do so by giving them electric light after dark (Bissonnette [9]). We can assume therefore that the genetic constitution of the ferret is such that its pituitary activity is dependent upon light stimulation.
It is probably the change in the light ration-not the actual amount-which is the cause of the stimulus to the anterior pituitary, for most breeds of sheep begin to ripen ova with declining daylight in September and cease with increasing daylight JULY-COMP. MED. 1 in February. Some breeds (Dorset Horn), however, have a much longer breeding season than others, and here again genetic differences are apparent. Just as fowls can be bred for different levels of egg production, so can mammals be bred for a constant number of eggs shed at each ovulation. Two strains of rabbits have been isolated by inbreeding, one of which sheds six eggs and the other twelve eggs; when these strains are crossed the inheritance is of the multiple factor or blending type, each cross and back cross being intermediate between the parents (Hammond [10] ).
(2) The number of ova fertilized.
It is, of course, impossible to get fertilization when an upset in the chromosome complex occurs, such as is met with in the mules produced from crosses between different species. Even, however, when the ova and sperm are quite normal in this respect, fertilization frequently fails to occur. The fertilization of the ova depends on the presence of a sufficient number of sperm at the tops of the tubes at the right time-just after ovulation has occurred.
The ova are capable of fertilization for only a short time after ovulation. In the ferret, where their passage down the tubes is rather slow, a mating with a fertile male made sixty-six hours or more after mating with a sterile (vasectomized) one to induce ovulation (which occurs at thirty hours) fails to produce young, while matings made at forty-eight to sixty hours produce small litters or nothing. This shows that the ova can only be fertilized for a period of thirty hours or so after ovulation. In the rabbit, in which the passage down the tube is faster and a layer of albumin soon coats the ova (Pincus [11] ), they can only be fertilized during a period of six hours after ovulation; and as the time at which the sperm are inserted (by mating with a fertile male at different intervals of time after a vasectomized male to induce ovulation) is moved from ten hours before (normal) to two hours before and then two hours after the time of ovulation, so the average litter size and the number of does becoming pregnant is reduced until absolute sterility is obtained (Hammond [12] ).
The rate at which sterility is obtained in this case depends on the type of sperm swarm of the male used. The term" sperm swarm" is used in the statistical sense to denote the mode in which the sperm ascend to the tops of the tubes; it is dependent on the motility and vigor of the sperm as well as on the number in the semen. If rabbits are inseminated with successive dilutions of semen, first full fertility is obtained, then small litters, and afterwards sterility, while there are still considerable numbers of sperm in the fluid (Walton [13] ). Similarly the semen of certain males may fall below the sperm content necessary to cause fertilization, for although only one sperm is required to fertilize an ovum the chances of any one sperm reaching the ovum at the right time are very small.
Differences between the sperm swarms of different males may be measured by mating a recessive coloured female with a dominant coloured and, at the same time, or after an interval, with a recessive coloured male, and counting the number of ova fertilized by each. For example, Table I shows the results obtained in one such experiment with two different strains of rabbits:- This shows that the sperm swarm for the C strain male was much larger than that from the F strain male, illustrating again differences in genetic constitution. The size of the sperm swarm too will depend on the time of the mating in relation to the time of ovulation, and if mating takes place a long time before ovulation occurs the chances of the sperm surviving will be small. For example, with our travelling stallions, where service may occur at any time during the heat period (which frequently extends to fifteen days or more), the average fertility over the whole country is only about 53% (Sanders [14] ) ; but individual stallions vary (over an average of several years) from 20% up to 75%, depending on the size of their sperm swarm. Whether these differences are genetic or environmental (nutrition, management, etc.) is not known.
There is an optimum time of mating in relation to the time of ovulation in each species, as the following results (Table II) Stallions with large sperm swarms will get foals from matings made over a larger range of time than will stallions with poor sperm swarms. Lack of sperm in the semen tends to behave as a recessive character and so comes out on inbreeding.
(3) The number of fertilized ova which develop to the time of birth. While foetal atrophy causes reduction in the litter size of animals such as the pig and rabbit, it is a cause of sterility in those species, such as the cow, which only produce one young at birth. While many factors, such as removal of the ovaries, lactation, etc., may cause absorption or abortion of the young in an animal with a litter such as a rabbit, these cause the death of all the fcetuses and not some only such as occurs in fetal atrophy.
In some cases, such as that of the yellow mouse, foetal atrophy is caused by lethal factors, the embryos carrying the homozygous gene being incapable of development beyond a certain stage, although those having but one dose of the gene are able to survive and hand on the character to successive generations. In the rabbit, however, fcetal atrophy, although inherited, is mainly a maternal character and is shown by the doe irrespective of the male with which she is mated (Hammond [12] ). A strain has been produced in which on the average 60% of the embryos perish before the time for birth occurs, and, although on the average 12 ova are shed, on the average only four normal young are produced. This is a recessive character and is probably the main cause of the lowered fertility which is frequently found on inbreeding, for other strains in which the character is not present do not show reduced fertility when inbred.
